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Abstract: SiC ceramics have been widely used in military and civil engineering field. The de-
velopment of Additive Manufacturing (AM) technologies provides a new fabrication approach for
SiC ceramics and their products. This review systematically summaries the recent development of
Additive Manufacturing (AM) technologies, including Indirect Additive Manufacturing and Direct
Additive Manufacturing, for SiC ceramics. The key scientific issues for the Additive Manufactur-
ing of SiC are discussed, and the potential future research and development topics in this field are

outlooked. The aim of this review is to provide some guidance for the research and development of
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the Additive Manufacturing of SiC and other structural ceramics.
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Figure 1 Engineeting applications of SiC ceramics in military and civil fields
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Figure 2 Schematic diagram of additive manufacturing
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Figure 3 Papers on additive manufacturing of SiC related ceramics (data from 2000 to
2020. 8 based on Web of Science)
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Figure 4 Indirect additive manufacturing of SiC ceramic
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Figure 5 Indirect additive manufacturing of SiC ceramic: (a, b) SL prepared polymer template,

slurry impregnation. liquid Si infiltration, PIP®**7; (¢) SL prepared polymer template,

gelcasting, pressureless sintering™; (d) FDM prepared polymer template, gelcasting,

pressureless sintering™?; (e) Indirect additive manufacturing of Csf/SiC ceramic matrix

composite: SL prepared short carbon fiber template, liquid Si infiltration™
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Figure 6 Direct additive manufacturing of SiC ceramic

B RS [ B3 H RS a7 R HoA (D R (R (Powder) g JE R SIC F %44 B B BE 3
Al . 5T 6 R O 1k IR Ba gt i B (Selective laser sintering, SLS) , Y61k R 4546 3 Bl (Selective la-
ser melting , SLM) 3G R FR4E4L BB (Laser powder bed fusion, LPBD) | f #2257 5% & i 2 (Binder
Jetting, B]) . Z4EFT B (3D printing, 3DP) $ A% ; (2) LAZR A (Wire) UE 5 (Sheet) 2 FHH ) SiC 1
LR B b i £ B A EE M B U B8 B (Fused deposition modeling, FDM) | & 12 il i i 74
(Laminated object manufacturing  LOM)$Z A4, (3) DL B B} (Paste) i EUEL i SiC BFEH Bl B #2341
il , T E AL Robocasting JE & £F H ;M (Extrusion free forming, EFF) % R4 (4) L 372k} (Slur-
ry) 887K (Ink) g JsURHE9 SIC Fg &4k B B IE A1 ) 3 » T ZALHE 6 I 1k B (Stereolithography, SL) |
Bk BE WA (Direct ink writing, DIW) AR 4,
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Figure 7 Direct additive manufacturing of SiC ceramic
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laser sintering, SLS) . ¥4 &1k K 454k i T (Selective laser melting , SLM) | #0068 AR IR 4540 ik B (Laser
powder bed fusion, LPBD) . %& 32 7| 1% &7 %, A (Binder Jetting, B]) . = 4 T Bl (3D printing, 3DP) ¥
7&%[6,12] .
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B8 &4 SICH % HEMMHEREH: (2)SLS,SLM,LPBD;(b)BJ;(c)3DP;
(DFDM; () LOM; (f) Robocasting, EFF; (g)DIW; (h)SLA; (D DLP
Figure 8 Schematic drawing of various direct additive manufacturing of SiC ceramic: (a) SLS, SLM,
LPBD; () BJ; (¢ 3DP; (d) FDM; (e) LOM; (D Robocasting, EFF; (g) DIW; (h) SLA; (i) DLP
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14 B IS 1) R R B IR S B A AR T HA R IR B (— IR A IE 1) 0.6 — 0.7 D AT BIE B
45 GBI R TIB B R, B AR P S B PR A SIC K BA R fF . FAOZE 1995 4, EE
The University of Texas at Austin [ Barlow £ AN g2 7E SiC ¥ k42 PMMA 845 41 B %
HRARE R CO, WOtHs, @it SLS TR T BRI MER A SiC B &+ R H & B 9a fir
AR T BOCTI R R EE BOLR E AR A ] BE RO S X SiC W %A B SLS il & B m
#AE, [EFEE The University of Texas at Austin [ Evans 2 ANMYTE 2004 £ KB T HE T SLSHEARM
M REE T & E AL FE SLS A VLRR S JEM L. R ERRE ERAR R, LR & ™
B R 4 JF DB R IR R B A5 T B ARTE AR A SIC R A R CINE 9b BT .

B 9 SiC [ % A ¥ SLS # # 4| 1 : (O PMMA 4 % SiC, SLS™ ; (b) SiC # ff , SLS+ & 3% 515
(o) SIC # fh +Si i, LMS' 5 () PF 4, % SIC,SLS+% % # & + 5 B 42 4775 () SiC # th+Si #
SLS+ B B2 44 Ak 8 3%+ 48 Si 5™ (D SIC # fk , SLS+PIP*

Figure 9 SLS of SiC ceramic: (a) PMMA coated SiC powder, SLS*; (b) SiC powder, SLS+ High
Temp. infiltration™ ; (¢) SiC powder4+Si powder, LMS*#; (d) PF coated SiC powder, SLS+CIP+
RS, () SIC powder+ Si powders SLS+resin infiltration+LSI™ ; () SiC powder, SLS+ PIPH”

SR, SIC PR ARG AR » H AT MOt Th 300 H  xEH 718 SiC &M kX BIFg & SiC M &M
PHER 0.6—0.7 RE . H T RBEE1L SiC PR &b hilE o WOt SE UM 45 R BY , 38 4 R A ZE W Bk 1K
o PR MRS R (N STk 55D s TE SiC B B A 1A 3R 1T 0 B AR 8 s A A T T8 00 M 5 SR 5 ) T TR T B
K45 i WOtFE SiC ¥ R TiR & 2R W 6 B MR UM, AT B 3R 52 B SiC M %M 1k =22 [A] F) K
45 45 SiC MRk, 2 University of Applied Sciences Mittweida ] Regenfup 2 A & J& T
—FP By SLS LZ — WOt M e 45 (Laser micro sintering, LMS)$i A , i — 25 8 & T il 5 1 Vg % 44
PR R S RT R R, IDELTE SICBENIA S, A LMS SRR H & T &R "
) Si-SiC Fg & #1 MR & (& 9 Bi) . B F SLS H 8645 SiC bk — ik 308 B 5%, 5 4F
K E MBI TEZTRIRT S FMEAREZES SLS H &1 SIC W&, RIETR¥EX
Pl R R R 2 g F TR R B A AR (PE) R ) SiC PR AR IR, R A SLS B AR Bl # T &
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C iy SiC P &4 B0 AR, 2T 8 SFH R DRSS AL S i SIC WM B R E &AL TH
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&, E# SLS H ARG & T B & Si iy SiC W& 4, I 2 5o By B IR R 51 A Si & % (Liquid Si
infiltration, LSD SF i 2 £ T BUB B ™ IR AR SU B D K R RLBe4h SiC Fg %41 R X s 8045 58 4l i
W e i . ME/RIEF T RZEMBLE A R A SLS $EARM & T SiC M 84, I 8 AT IR AR w3
f# T. 7. (Precursor infiltration and pyrolysis,PIP) |4 T R 2% E K SiC & A 8 K H s A &) 5 Gn
K of firams) , AR T SLS #il 4 1Y SiC Fg g o BHTEE MR T W & il 22 P8, & B SLS 4545 PIP %
A& SIC BB AR RIFRREIR ¥R, WM A RRAE Ik R¥EEHE AN 1
SiC P& R JERE 23 (1 SiO, P& Bk R AL Oy BRI S04 + 8R4 B E12 354
WRR R R R0, R SLS BEARKI & T M4 BHIOM L5 45 2 WL — R i W £ 7L 4 SiC B % (macro-
micro hierarchically porous SiC ceramic) #¥} M E 15, A& 10 ffm.
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Figure 10 (a) Schematic diagrams and (b) photographs of macro-micro hierarchically

porous SiC structures prepared by SLSM"
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Figure 11 SLS additive manufacturing of SiC ceramic
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P BRAFR TR SIC BEA B R R . R, BB SLS 80 il & K15 /Y SiC W& M R
KHEIGBEERMR AR EEAR, AT EREEMNBEL L L ITERS SLS M HE R
SiC F &R BUR M B I BB B AR5 SRR ST EAL T A St B TR RR Bt
R NI B

(2) W6 DA A B O R R IA AL i B

P41 Bl Y806k X 1k BB (Laser selective melting, SLM) i ZAS R 5 SLS 26 ({0 E 8a
Fim). Bl ERARERERIE FERPERN TRBEGOL. FEF RSO RRREBRELD
FR Gt Pl b AR, 4 R S B M R IR IR 2 R T R U HEAT B RO AR AR S R T B R R
YERIMER, AR B M b R R . BT, SLM E 3R 38 I T 808 A5 B0 B 2 b ek (il 32
— B EACY W B ) R A G L R T . B T SIC BB ARHE SR, BRTRBOC S I R E AU E
s SiC R BURLIE AL, T AXE L SE BLEK SiC #4 Rk 8 221 4, B it SLM il & SiC e dA bt ) 1) BF
FMEHARZ W, —se¥H G 2R SIM fl& SICHRE. FEEELRER King M 5% H
SLM AR K % T SiC KRB E RS RW ZrB,-ZrC-B, C MR R E M BHR R YRR T HOLS
y e ok 1) £ 19 0 I b (A 4L AR S WO A B R i LR AN B 12a)

B 12 SiC 4 % # 4 #h SLM 5 LPBD 2 # #) 3% . () SLM #| 4 SiC i BU* 5 (D)
LPBD #| 4 SiC-Mg 4 & # £ & # 8" ; (OLPBD #| % SiC-316L 4 B % 4 & & #0;
(DLPBD 5 SLM # & #| % SiC-316L 4 & 2 & & 4 -0V
Figure 12 SLM and LPBD of SiC ceramic: (a) SLS of SiC coating™ ; (b) LPBD of
SiC-Mg metal matrix composite™® ; (¢) LPBD of SiC-316L metal matrix composite™ ;
(d) LPBD and SLM of SiC-Mg metal matrix compositel!
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W) s 4L B SO 8y R R 45 Ak B 2 (Laser powder bed fusion, LPBD) iy 27k F IR FIBT R AY SLM &
AAGE , WA 8a s . SRMMIEWN EARBIE » 1 F SiC BB ARG SRS, B AT M EOL R T B &
¥ SiC B EBR AL, B EAMEEARRM LPBD H#AH & &/RE SCHERNESHE. ER
HTFEERESHWESBESEAINA,ff LPBD B & F Al 8. 77 22 Netherlands Aerospace Centre
(NLR)#) Wits % A0 SiC W BB INA B 866 & WE4S #, ;IR LPBD HiAR# & T SiC-Mg
SRELZGHELIRR TR B IES . W s 5F A AL CE 12b i) . 38 The Univer-
sity of Manchester By Li %8 AP 22308 SiC M &b A 2 3161 A48 h, iR A LPBD H A
% T SiIC-316L & & 45k, 78 il £ 1 72 v 157 o 5% J 75 Ik 3 S MUIR 2l 45 & 0 7 U3 ol R R IR
kIR FEAEE T AR B SiC B E X LPBD il % 19 SiC-316L & 4 5 kg WL 41 23 14 5% i AL (A
B 12c fim) . LiECV 22 T ¥ LPBD AR5 SLM B AR M4 & #Hl4& T SiC316L & & Mk
il 12d frs) .

R, EiR KRR TERZREK SiIC WEBRS&RMERE G, RABOLE K& BOLH RIK
BB R & & B AR G AR, B T SiC PR AR R 18 R S BOHE AR SE 3L, Btk 4k Sic
P B0 ) Y SO 2 DX 0 A B SRR R R 8 A R B B A R AR 1B

(3G B 50) 15 45 R B

Peg % B ) 4t 42 30 BT 4 AR Y (Binder jetting, BI) M)A R NE 8b fim. B . dBEERKS
G B BE B R S BB — B PR R, LR B R R D R R I R AR T
WEHE S TE BT & R OIER AL AL Gl T B EE L AR R B LR B S R AR R 5 E
i R IR HEI \BR 4 5 ARG B A BB AR S L A

B 13 SiC ¥ & AR oy B] # 4 #l . (DB] &4 CVIPY;(WOB] & 4 CVI 5§ CVDHY,
(&)BJ # 4 PRBI & CLSI® ; (d)LSD # 4 BJ©
Figure 13 BJ of SiC ceramic: (a) B] combined with CVI®¥ ; (b) BJ combined with CVI
and CVD"¥ 5 (c) B] combined with PRBI and CLSI®; (d) LSD combined with BJ™*

PEAE Toolk K2 A9 R K58 AT SR i ) SiC s 2R RE, SR BY A H & SiC S 4L B9 2 7L
A, T TS M E B T % (Chemical vapor infiltration, CVI) #E SiC @M Z LI H AN BB
SiC Bk, s 24l &t SiCw/SiC W %41 L 5 B B V7 5 %] 5 (WA 13a Bis) , BT T SIiC AR Zx}
SiCw/SiC M & BHLBR R BRI 515 1 22 M RE 09 B2 B AR, SR i 45 19 SiCw/SiC P % 41 kL AE ik B
Wi e 12 R BRI , & il 3R BE AU 200 MPa, Wi B4 3. 4 MPa m'” , 3B RIRF2S R, &
E LCTS-CNRS # Chollon %8 AP [FA#£R A B SR K& T KFL SIC B E 2. FESFE[MEES
T % 542 ST T % (Chemical vapor deposition, CVD) 454, 7 K AL B KB B sk T L SiC %
&, B AW T KFLEY SIC &M R A & E 13b fin, FeTiERRH CT A# . 1% MiRE &5
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AL o T BORAE T Hl & R b AR S E R IE 5T SR . LA 3] Tsrael Institute of Metals
1] Popov Jr. B AFHEIFER A B] AR 4T SICHEMB, ARMEELERABBEMIBERER LY
(Phenolic resin binder impregnation, PRBD 5 BB RAEIE B T2 (Capillary liquid silicon infiltra-
tion, CLSD &4, Il 4 T R B 454 SIC(RBSCO) P& 4k S H e R i, W] 13¢ fim . X
Hitie T BEEW AR A B R ASEE B T2 Z300 RBSC W % 4 RSO TE #1725 P 58 55 B9 5 ma 41
HESHLH . BE BAM [ Zocca 4 AP BB M 3 4 B2 VT L 2 (Layerwise slurry deposition,
LSD) 5 B #ARE & . MMl & T B RIL R/ SiSIC by &4k B H A &, anE 13d Fras,

SR, BY 38454 1 & e A 2 49 SIC %4 RHE % T I ) = HERR BRI A 2, [m] f , BT 8461 1 3 3%
AR SIC P A R R BB R SRR E R ERE. WA FEMEE LR (CVI,CVD,
CLSL.PIP &) b 17 W] S AR B A AP RL B BE . B 14a 58 14b 23 51 M 6] PIP TZ 5 CVI/
CVD L2 B AL AL 35 19 B] B i 1% SiC Mg &M kL s BESE 1Y CT 5 T 40k I &l 70, o L&
AR AL K R 1 R X K AR KR R R SIC M B b et B HL R g AR AR A

/14 B] B A ity SIC % # & CT F4 8 /. (2)B] £ 4 PIP;
(b)BJ #4 CVIL 5 CVD

Figure 14 CT images of BJ additive manufactured SiC ceramic

(a) B] combined with PIP; (b) BJ] combined with CVI and CVD

[53] |

() =4E4TE

P e b1 ) = 4EATEP (3D printing, SDP) B H AR B INE 8c iR, BeAL#) 3DP A4k Ui 3D 4T
BV, B S K P A A R ] S R TE B & R IR — R AR5 1 5Tk A R R R R 5
VBTSSR R ARSI AR SR G, 2 ZRBEAEERB T & PR =B R A1, 8
o0 U A HE R  Ba st I 3RAT » B 28 1Y) W RS bR B LR

% & The Ohio State University i Zhu ZE A" R J] 3DP T 2414 T SiC W& A4 5, 3-8 Bk
BE %% (Polucarbosolane , PCS) i 38 /£ % ¥ . PCS 5 StarPCS SMP-10 Fj 3K 4 #& 4 # . StarPCS SMP-10
MKk SiC Bk 4 ALY BT IR KIR & W% 3DP il & 1 SiC & LR #ITR I BEH & I SICHE
Bk, T AU BRI ST T AT K AR B WAL IR SIC OB A R OE S B, FEE University of
Rostock 9 Polzin 8 NP7 R AR 3DP T2 HI& T SiC W& 50, 2 BIRHEEE IR AR R4S 5w R H4S
b o » RAFZ AL SIC P& AT B CAn il 15a BrR) . BLAh, 78 3DP B35 o, SiC R & ¥ BAE 58 M/ A,
FEAL Tk K25 B /N85 5 48 F University of ErlangenNuernberg ¥ Travitzky 2 AP % 3DP %
RSB ES YRR 2% T 2 (Polymer precursor infiltration and pyrolysis, PIP) %% T B {ii 4
B SiC 45K 23 38 Sia N, W % b4 Rk B Fof & Can B 15b Fros) , @it B AR i SiC 4K &R 8 T R TRy
SRR, I o 45 19 SiCnw/Sig Ny B A1 RHE A 18 5 A S0 R otk 8 .

SR, IEANRE 15a iR, 3DP T2 # & 1) SiC W & A58 Je ol i — O R 2. ILF k. %
3DP fTENR A& 5 L Z R BRI , M 3G B0 bRt B o ok R — B R B4R, AT 44 Jo B 2
FEAER G K SIC B &M R KO & SO BBk . [RIB), 3DP T 20 %14 B SiC M % 41 L I & 2 5
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P BUR B A R R R ER PE R AT SIC MEBEM B ARES TRENA.

B 15 SiC M % 4 B 85 3DP ¥ At 4l . () £ 7L SIC K & AT
(b)SiCnw/Si, N, K % 4 $-%

Figure 15 3DP of SiC ceramic; (a) porous SiC ceramic
(b) SiCnw/Si; N, ceramic™™

(57 ,
4

2.2 &M/ REBE SIC BEEREMHE

DL (Wire) 508 7 #4 (Sheet) g LB SIC W &4 R B34 H #3E , R ELHHBmULR R A
(Fused deposition modeling, FDM) . & = #] #& J& & (Laminated object manufacturing, LOM) 3

ﬁ%[ﬁ,lz] .
(D JE R AR 2

15 % 8 21 B BB 75 b DL A B 2 (Fused deposition modeling, FDM) , P4 SiC £k 41 2 JF By SiC
P s P R U AR TR B B A R T A BN I 8d iR, BAEEERBEN TS ¥ SICHERKSE
GFMEHES PR EENREENREY BEREKM . BT REH &M SICLHMET FDM
B, GBS WL B, R SIC RAHB R TR B & AT & b, TR B R AIG BE A 7
RLELG T IE A B R UTBUS B SIC W & A0 A 30, 22 )5 S m IR LI HE AR R 45 5 3k 8 SIC %

P10t B L i

o3 Bydage §

Bl 16 SiC M % 4 #H by FDM 3 4 4 & . (2) & A7 5 (b) 45 44 AP
(¢) FDM T %9 ;(d) FDM T ¥, #f 5
Figure 16 FDM of SiC ceramic; (a) filament wire® ; (b) flexible die™*;

() FDM process™I; (d) FDM processing investigationt®*
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B 5E . B1E Guru Nanak Dev Engineering College f#) Singh % A %7 225800 15 354 (6] W 4R 18 ) 5 4%
ERZEMES ALO, 5 SiC MR BRLIE G IR RS Y — &L (nE 16a i), kA FDM L
ZRIBRT BARE I F R R R B (AN E 16b Fras) » i 26 5 F 320 32 i 538 1 4k O v 4 &%
THEEE IR T &BHE. WEBBEKMA, HEBREYF RN FERERRET BHRIK
BHREGY —WELH & FDM TZHMREEE TR BEREE s I X AH RERE
BB R, SR, F5 48 th B 2, AL FDM T2 M a3 6™ 2 L LB EM B (R EmMAEE D,
W TR F b #2) . H 4 Fukuoka Institute of Technology ) Kitayama % A g ol 7k Btk FR
MrEyEER RS SIC EFRIBAR£RESY —WELHY, R FDM T2 A28 (InE 16c fias) 3
WHRRTREY —WERE . SIC RPN S 4R B B AR R E% L2 S 53 FDM
TEABRRAM A ERE R LA, B A LI T “TE X #"FDM A SiC M % 4 8 B H & (& 16d
B ABRB ST AR T FDM B SiC Fg &g B IS, e ik A5 HEJKE | b 45 B ] B0 AL A s 81 1L 45

AT FDM L —REBEEECEREM R S RBERE UM BB AR B2 REGY —BE
FOLRBE - X TC BEAR H I T 20 Ui AR FA) M R A (R  BR ) T Mg kA BL A2, HRTR ] FDM T2
il & SiC B &k R E M S M RMAZ W, s, FDM TE RGBS, BRE5Y —WELM MG
MUBIESHUZREFRZM JES AESHEMWRME X R ABER AT SIC BEMAER
i SRR 17

(2) % 2 il 1 R A

Mg it Bl i B 2 ) 3 il B 3% K (Laminated object manufacturing, LOM) 374 F B 41 & Se fif
. LOM RLEL AR — i 5o ¥s M % J5 ) 8 1% 40 1 CHm it S8 A Y 4 T R 28 45 O ) i 4 AR R B
&R AR REH R A B R T & L EEE MU B BTER R,
B BRI ZEREE LR, &SRS mE AR SR RS A B B4 B &b e R
e EHT, BAH A R 5B SIC B & AT B LOM SRR B ., #8E University of Erlangen-Nuern-
berg # Travitzky 25 A B 7E 2007 FE gt 22100 76. SwtX SiC W E MR 20wt W g R EF L Jk 3.2
wt o K B0 S il 25 BT 3 R BE 2 240 pm B )1 ROK R B E LAY (N 17a i) , FE ik LOM g
FARHET SIC W& RIS BREHF B AS BB G B4 ) SU-SIC I &A R oI S W5 &
WA SRR 5 B SALEEA 2RI SRS 5 ROy A ) SiC W , 78 & )2 AL AL 3% B — 4 St
B 17b fiac) . MAh EFEMEGHE T LOM &E 5 Si-SiC WM B H 1= BRI LR,

B 17 LOM 3 41 ) 3 iy SIC 8 % AR : () B R 4005 s (D B4 B8

Figure 16 LOM fabricated SiC ceramic: (a) Preceramic Paper™; (b) microstructure

[62]

SRTT, LOM A7 AR 8RB R Bkl . LOM BRI B 85 (19 P e 1 #F b AU i R Sl 4 L2
R T TER AR KT i ] A A0 8 A 5 55 5 LOM BRY B4 W %5 b1 o) B R A2 AR 2R 3
R v A J2 B IR B SR TR 454 R R R W, LOML BT B B s b R AR B s LU (] 43 o, R FLBR 278 I 2
R RS E R PN N 2
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2.3 BREMY SICHERZEEMTIE

LUE R (Paste) A R SiC B B 44 B B 3EHIM )3 . B AL 45 Robocasting FLAL . H i B2 (Ex-
trusion free forming, EFF) ;A& 46121

(1)Robocasting i

P %44 B Robocasting i B HE AR (%) 3 4 L FH 41 ] 8f fif 78 . Robocasting W ¢ R 5 J5 3C 1) 88
K HE (Direct ink writing, DIW) BB H AR KL, 7 W Z AL 7E T Robocasting BEI £ A R H B9 2 W &
H A DIW BB AR R M E R HENESETHER S &0 X, BRYEEESETAT
BROK ) P B IE & & . Robocasting JRY B W RE — MR S04 PR % J50RE 5 W0 20 BN S5 IR 6 il 46 e T
R B A AR T P R RE 6 Sk S LB R BRUE T BR AR A S4B R M
BAR, &G ES R R iR e 4 07 048 B A 4 i B B AR B L

R Kunpeng Cai 5V 37 ICV-CSIC B Miranzo, H 4 Oklahoma State University ff
Smay % A RL7E 2012 43R A Robocasting BN HE R B & =4 E B R 10 SIC MK 450, b5 15
B SPS B4 T2 LB T SiC M & p9be4s (ANl 18a Fiis)  ABUTIR T SiC BB % Zeta HLAL S
pH {H K 5 W RE , BL K Robocasting T2 5405 SPS 451 S X =48 B 2T R 19 SiC B &
WO R S5 5 Z IS TSR A2 I A, 2019 £, 48 E University of Erlangen-Nuernberg B Tra-
vitzky AV E AR A R RIE T EF C 1 SiC M & E#, B J5 R A Robocasting BRI R il 4 T
SiC/C & A3 B S5 RIS B T 2SI T IBLHE LS SIC W ¥ bt K H: il & B9 1 & (Can & 18b
). [BIFETE 2019 4F, 92 E Imperial College London i) Feilden 2 A £ 2 3% H Robocasting 5
BRI H& T HIB, Bl =M & AR R, 2B HE I E R e 45 /53K HIB, REBREWE
#eE S L A ] 18c fin , JFRR SR T KR Sy M Re . B BA Y Elizarova % AYY7E 2019 4 R4
V9T Vo e B A 1% G2 28 M AR L B Robocasting BUELR & T2 5@ %, M T Robocasting i EI 1 #2
PR B L2 PR SRR SR N R S 4 T E R RE o SiC/B.C Fg %A o 5 il
an (I 18d Bir ) , JRBL T Robocasting i HL £ AR TE 5 F4 T8 IR g % b Rk R JHC 1 i 284 1 48 O TG A9 o
RHESHETT,

18 SiC H % # ¥ # Robocasting # # %l # : (a) Robocasting + SPS f £ ;
(b)Robocasting + F JE % %" 5 (¢) Robocasting #| 4 # & i 14 % A R 5
(d) Robocasting #| & o SiC/B,C ¥4 % # L
Figure 18 Robocasting of SiC ceramic: (a) Robocasting + SPS'?; (b) Robocasting +

Pressureless sintering""; (c) Robocasting manufactured ultra high temperature ceramict® ;

(d) Rohocasting manufactured «SiC/B,C ceramic-™

Robocasting A8 H A P H X B & 23RN & . T2 187 B0 S8 00 A, o2 ) 5 b1 380 44 ol o F o IR R
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2T KIE BN AR, I A Robocasting B #) R & BN, —BHL T HEEHEZ R BAR
K 4 B ARG W P AR 4 AP E— B R ME . 4, Robocasting lIBIFE R & H E & &R A K
FWAEFRENEEE R X WA R T —ERMEAMEE SR EHR.

(2) 8 H A

P % 44 BL AU B 1 BB H2 AR (Extrusion free forming, EFF) g2 A R 40 & 8f fi/m . A o2 5 4o
Z e AR Ay 4 5 Filament printing 85, Layered extrusion forming £, EFF &I $ R 5 Robocasting Ji{,
R ARNFEEA R EEA -, LEEANIMIREST T AR E XL, B, EFF REHRHE—
MM ERASEN OENSES . HEREHEEBNEEERSER AR EERSEE
FEE B ENBFEERIEF T RFHRE, BABI =24 REEER, BGEdmERIERK.
= IR A T A% B B 4 Y P B A et R R

FEHPEAF CSIC [y Osendi €8 A" 3% A Filament printing I RH 4 T =4k SiC &M B A,
I 2 SPS F 4 B4 (partial sintering) il T B ILBR L 2] 65— 85N M ZHILEM M =4 L 1L SIC
oL B A CAR B 19a BF7RD » 95 2R B KRR AR R T AR 30 B B 3764 bk 2 F A9 T e 4 (A I
19b BiR) . % HE BAiE K T Filament printing FUEISE R4 T A F 1Y =4 £ 1L SiC 58 (4Rl 19¢ fr
) SIFHHIRR T AT W =4 4L SiC P %454 b B 2R 41 10 08 J7 1o 43 A X 45 49 7 2 1k A 1) 5% vl 3L
B, 5 EEM R AR LRI, Z4 21l SiC RS RA RN LRES LRE,

b

i

H 19 SIiC M & # # ¥ Filament printing 3 # %] #7 . (a) Filament printing % %
SHAEHSCGMELSICREFHAWE; () FRFET WEH

[67]

Figure 19 Filament printing of SiC ceramic™®” ;: (a) Highly-porous hierarchical SiC

structures; (b) Thermal protection application; (¢) Effect of rod orientation

EFF AL AR LA B I D) A 4E 1 3R SiC M Z AR il & . e SIC B &R A
HOIBREA S AT 4, & EFF BB S 5R45 /5 W AR R W BR 4T 4 5 0 SiIC M ERE a4k UAR
BRAY R FE IR Y 2 EFF BESKBF s iy T 00 Y078 0, S8 DBk 45 4 2> 2 B 1] HE A A9 3 54 CAn
B 20 Frn) s NTT A FF i 4 % 1] Sk 9 S DT B 27 4B 358 SIC B B E A 400, LI — 4 71 I
RO IR . 2019 4F, op IR} e B REER IR IE BiAs B8 S AT BE T SiC P % JBURL, 5 R AR VIR 47 4 A
JEORH % P B Bl g EFF B A SRSHEBRE)E  fl& T AR 4 & SiC WERER
B BERE B G A 21a BT . ST R B IR AR 4EAE SIC P B R A MR A ER 2 B ARG HLE)
oAl RARBEWELER SRR REHIREILE T 300MPa, KL HESE. 5 E Purdue University
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i McClain S8 AT 7E 2019 SFHEAT T HE . W5 H BRI B ATIRIK 55 45wt 20 B 4 LI Bk 4F 4k
5 1owt. %R BRAH AR EMBIRER, 213 EFF g7 ,850°C & ik J# 5 R Tl & 7 8 Y ke
YEsgom SiC W AL A AR R & N 21b fras) , R T %R B FoR X Tl & 47 4E 80 R 1 &
2 G PORHHE G544 (Y AT e

BHFEE

B 20 B % & % EFF 382 4 & 5 37
Figure 20 Chopped carben fiber orientation during EFF

B 21 SiC K% # B i EFF 3K 413, () T 8 b B a8 3 fr T4EY
(b) Purdue University T %!
Figure 20 EFF of SiC ceramic; (a) work published by Shanghai Institute of
Ceramics, CAS®; (b) work published by Purdue University™

45 Robocasting BB HEAR I B HH BB BARRT B 4 BORA T L2 8 A0RHE ks, H it 7E
Ve bR b ) 3 F 7 I BB 2 O 5 5 LT, SR T (IR 3t 5 ey AR — A DL T O i i SR A A
BORIRG AR ARG B B S — 2 WX, woh . TR AT EMSREEE . R
A7 0 5 AL S R P B P BB, X SR T — S A BOARME T SR PR

2.4 R/ BKRERR SIC HEEBREMHE
PAFRE(Slurry) 8887k (Ink) 2 UL SIC P 8861 RE B33 b1 il 2 oA, 26 15 06 1A 6 s A

(Stereolithography,SL) . 7K B B W 2 (Direct ink writing, DIW )52
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(D A Al 2

P e b1 ORL G [E 16 ) B ( Stereolithography, SL) 37 AR JE 3l 47 A 48 3R & 9 44 Bt B AR B B AR &
BRI AL RATR A EM M RS R Z —. WEMEOCEARE BRI T CERE
B o BT B AR B AR LSRR AMIE R AN ERE AR E S & R E RESNRE
—RBERORE . R RORH A B R B P FE AR B O BRSO R, 651 R R S B iR
BRI ASTE IR 2 T3k P 4% 5 185 0 ST IR 100 45 DA TN Pl e J0RE [B] 5 178 AR BT 7 B9 PR e 4 1Ak (A &) 22
By » F 22 JBURR HE AR 5 e I e 40 U 18 300 B 2 0 VA e b T HC A

BMERH BERE

b : 7 ik LT LES sl A i et
AN B R = & Em

B 22 g% ARy Ok B K AR

Figure 22 Forming mechanism during stereolithography of ceramics

P e A ek 1 S B 4 8 TR — i RT3 Ry ST 1A 6 28 i B (Stereolithography apparatus, SLA) # AR 5 %
F AL B (Digital light processing, DLP)Y F AR B§ZE, Ho, SLA AR & JR 8 2, 52 24 1 i
AEEZRtEARE AR, R EZ, SLA AR R SOCERGE L. B8 TN A
Ko SLA — KRB & B TAORME Dl 17 i 6iR U B GO0 TR b S B4R . T i R B 1 19 B
WA AR BERAE A A TR EER, B8 MK —EReE, 4k B3 6 L i
(& 8h iz ) , BRAL S5 1) W B R AR 2 J5 B2 T iR R 50 R R 45 AL 3L 75 B o 48 1 R 8 b ) e L o
DLP 4 AR J& 1A T B & J (Y P 88 4 R S by 3 BB A R e HoR . BB O ml 5 — MR B9 SLA J{( B
R N TE SRR B E AL R & 170, DLP il B, e e~ R RSERED
| SR 4 B 57 Y B Ao AR o e 42 ) R T 5 5 R R RS 1 B B AR [ B 0 R RO E AL S B R
lo) bR, BT Y W R B (A AR 81 BT/, P 285 SR AR HE IS B8 45 I 14 2 o 246 19 B e A L R G
H AT, SLA BOR il T2 6 A0 = il i 1], Rt A 2 o P 4 4%, T DLP R B A R D6 51 B
BUE AP RS SOE 2TENE b, A 5, DLP SR BB R A B E B ER R T =
BRERICHEE NS Z MR B E A . RIS  DLP R i T2 0] L 4R_ B ATERSR (K, 5 o 1
HHRE oh LR 0 B W T B JEURHE Al T B, TE AN 4 AT EREOR (bR B HATE A #4r # ol SLA B &%
FIRX A _ESRBIAITEI TR .

H i SiC M4 R SLA RS 32 B 48 o 78 ji IK AR 546 SiC P& 1 8t (8 SIOC B % #1 %} SICN
s ), BL7E 2005 4F, 2 E University of Erlangen-Nuernberg [ Travitzky & A" Ak BT
—Fh M F SLA 1R A CO, BOtAR (B 10. 6pm) B X 4L BB $2 R (Selective laser curing,
SLC) , R Fi 5 H SRR 2 ik S e (PMS) S5 13 20 7 565 W) g B B i 3R 4, SiC R B BU0RL N SR}, ) 48 T &
SiC BT SR AR A= B0 (R 232 B » @R IR R 5 R 2 1L SiC B & AR (I E 23b Bras) , #iE
R ABREIE S G RS SiC B AR R H & 8 23¢ fin) . BFEE R BLH £ 1Y SIC F & B 3R A 3
2 TG FLBR, 45 il R E =5k 220MPa, 2009 ££, %5 [H Chungnam National University f§ Kim £
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AV R £ YR8 THLR G Wy i 79 2 S 4L B Ak bt (AHPCS) Ny Rl SR A4 8, 388 1 — st 7 0% i o &Y
(two-photon absorption fabrication technique) i Y6 B4k I 845 T R (AR K , B4 600°C B G IR
87T SiC &M B REOR R B Z 46450 CInE 24 B BUG 76 EE R ELTE SIC R % g 481 A
RIGURIRBL M T RAFRI TR, B 551 SiC R g T .

Bl 23 SiC & AR e vt e SLA RAT (D W KA £ 37 (D BT ()SIC %
Figure 23 SLA of SiC ceramic turbine wheel™ ; (a) laser-cured body;
(b) pyrolyzed body; (c) SiC body

b

.

:

L

B 24 SiC 1§ % b BH 40 28 1 6 B b R A () ek s (o) B 3L 8 2
(DHF; (DHIFEH

Figure 24 Stereolithography of SiC ceramic micro-nano devicet ;

(2) multi-scale hemispheres; (b) microchannel with multi-holes;

(¢) cones; (d) microscale multichannel

printed cork screw; (F, G) SPPW formed microlattices; ( H) Honeycomb

2016 4F,25 E HRL Laboratories ) Schaedler 22 A1 7E Science Z¢7E F & 3 T i |78 5 28 {4 &%
U P 2 ' T A TR 7 T A B 9 AR 2 T AR R T ot Ak i ik e oA T B A JURL, B i SLA %
A BRE T BT IR R, £ 1000°CHIBMMIE RS T SIOC W &bk & H S 5, HFBIUET SIOC W&+
R ALEE M RS 0 T PG e R iR (I 25 B R . FERX ZJF, R A SLA # AR il 4 SiOC 8
SiICN 45 5 SiC AH2E H) R 51 T SR 5% 40 b B 0 52 28 15 K 4, 18 207 10 3% (A U 19 4 1 45 4 T 0 [ A



kA % ,SiC 1§ E AR A H 0T L3R 5 & A2

20 s
ol & B D
{
LalL OV Laer, | Scanrig mimis
3 ¥ i
AL 3 5/ B
A o : s L Pyrolesis
iy ;1 mamomanen :
«fi«{«é«g« ikl £ { e s
PR 7y
LR LBl

LY curable monsmer:  Blerediithography or setforopagating
& LI phots inttistor phols-npolyrnarization

¥

Polymer-derived cemamis

Exmmples: £

Bl 25 # 3 k # 4k SIOC F % A8 SLA &AM (AT A B b 3T 3R 45 5
(BYSLA j& B 1§ % 5 (O # B A 5 48 s (D) 3T A& 4 46 SIOC 1 % 5 (E)SLA #) & SiOC

R e B 8 M (F,G)SLA #i 4 SIOC it I 4 4 s (HDSLA # 4 SiOC % & 4

Figure 25 SLA of polymer-derived SiOC ceramicst™ ; (A) UV-curable preceramic

monomers are mixed with photoinitiator; (B) The resin is exposed with UV light in a SLA 3D
printer or through a patterned mask; (C) A preceramic polymer part is obtained;
(D) Pyrolysis converts the polymer into a ceramic; (E) SLA 3D

B 26 B34k 3 4L SIC % M SLA &R . (2) § SIC B & AR
(b)SICN B & # $7 5(o SIC B % ##10
Figure 26 SLA of polymer-derived SiOC ceramics: (a) SiC rich ceramic

[
(b) SIiCN ceramic™™ ; (¢) SiC ceramict™
A4 AR % 40 B P A B S AR 3 AR B Y B B S A B E R B R R 22—, #i

4+ Zurich University of Applied Sciences B Hazan 2 AV BN E SR REHE(AHPCS) 525
AE 1 P R A g VR 545 0 WU O A R T 3R A — A R R L R SLA HiR K 1200—1300°C i iR 24
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stereolithography mechanism of SiC slurry™™
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Figure 32 DIW of SiC ceramic: (a) DIW of SiC ceramic™ ;
(b) printability of ceramic ink™; (¢) DIW of polymer derived SiC ceramic™*
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Figure 33 DIW of second phase reinforced SiC ceramic: (a) SiCw/SiC ceramic™?; (b) SiCw/SiC
ceramic™® 5 (¢) SICNW/SIiC ceramic™1; (d) fabrication flow chart of Cf/SiC core-shell ceramict®™ ;

(e) fabrication flow chart of C{/SiC core-shell ceramic™® ; (f) C{/SiC core-shell ceramic®’
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Table 1 Comparison of various additive manufacturing technologies for SiC ceramic
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Table 2 Comparison of the relative density and strength of SiC ceramics fabricated by different additive manufacturing techniques
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Figure 34 Comparison of the relative density, mechanical properties of SiC

ceramics by different additive manufacturing technologies
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Figure 35 Densification approaches for additive manufactured SiC ceramics
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Figure 36 (a) Schematic of industrial X-ray tomography; (b) main components

of 3D CT X-ray computed tomography™*!
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Figure 37 X-ray tomography images of different additive manufactured materialst®*
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Figure 38 (a) Schematic representation of the horizontal (H) and upright (U)
architectures showing the orientation of the material layers in relation to the tensile
side and the direction, z, of XCT scans completed over a length of 10 mm at the
center of the specimens (colored area). ; (b) 3D XCT reconstructions showing the

pores distribution in H and U samples (Observation volume; 2, 2X2,5X2, 5 mm3)®*!
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